Epidemiologic studies frequently obtain exposure information through subjects' serf-report (personal interview or mailed questionnaire). The authors used data from a case-control study of infant leukemia, to assess the validity and reliability of maternally reported information on birth characteristics such as birth weight, reproductive history, and medical procedures. Cases were gathered from the Children's Cancer Group, a United States and Canadian cooperative clinical trials group with approximately 100 member and affiliate institutions, during [1983][1984][1985][1986][1987][1988]. Telephone interviews were completed for 302 cases and 558 matched controls. Medical records of the index pregnancy were obtained for 287 cases and 467 controls. Correlations between medical charts and maternal interview were high for birth weight (r = 0.98, kappa = 0.9) and gestational age (r = 0.86, kappa = 0.6). Mean differences between the two sources were small, -10.5 g for birth weight and -0.36 weeks for gestational age. Reproductive history and medical procedures had high to moderate reliability. Problems after delivery and pregnancy complications generally had low validity and reliability. Little evidence of differential misclassification was found. Time between delivery and interview ranged from zero to 8 years and did not greatly affect reliability. This study suggests that validity and reliability of maternally reported pregnancy and delivery information may differ with the nature of the factor of interest, but is affected little by time from birth or case-control status. Am J Epidemiol 1997; 145:58-67. birth characteristics; case-control studies; epidemiologic methods; reliability and validity Epidemiologic studies frequently obtain exposure information through subjects' self-report, personal interview, or mailed questionnaires. Unfortunately, inadequate attention has been given to verifying the accuracy of subject recall (1-4). The investment necessary to gain access and abstract the medical record information often makes the task prohibitive, if not impossible. In a case-control study of infant leukemia, the authors successfully conducted a medical record validation of the maternally reported information regarding pregnancy-related events (e.g., diseases, medication use, and diagnostic procedures) and birth characteristics of both cases and controls. Presented is the assessment of 1) validity and reliability of maternally reported pregnancy and birth characteristics, 2) influence of varying recall periods, and 3) differential misclassification.
MATERIALS AND METHODS
Cases were identified from the registration files of the Children's Cancer Group, a cooperative clinical trials group with approximately 100 member and affiliate institutions from the United States and Canada. Approximately 53 percent of all childhood cancers in the United States, diagnosed at less than 5 years of age, are seen by member institutions of the group (5) . To be eligible for this study, cases had to be incident cases of leukemia diagnosed between January 1, 1983 and December 31, 1988 and be 18 months of age or younger at diagnosis. A total of 382 cases were eligible; telephone interviews were completed for 302 cases (79.1 percent) (6) . The first 3 years of cases were gathered retrospectively, and the final 3 years were gathered prospectively. Additional case eligibility criteria included the presence of a telephone in the case's residence and a biologic mother who was both available for interview and able to speak English.
Controls were randomly selected with the use of a previously described method of random digit dialing (7) and individually matched (two controls per case) on date of birth (within one year) and telephone area code and exchange. As with the cases, there had to be a telephone in the control's residence and the biologic mother had to be available for interview and to be able to speak English. A total of 743 eligible controls were identified, and 558 (75.1 percent) were interviewed (6) .
Maternal exposure information was gathered through a telephone interview of mothers of both cases and controls by means of a structured questionnaire. Questions covered mother's reproductive history, complications of index child's pregnancy, delivery characteristics of index child, medication use, x-ray history, occupational history, personal tobacco and alcohol habits, infectious disease exposure prior to and during the pregnancy with the index child, and demographic information.
Because the major hypotheses to be tested in this study concerned pregnancy-related events, characteristics, and exposures, a validation study was conducted to obtain copies of medical records for both cases and controls. During the telephone interview, case and control mothers were asked to provide the names and addresses of all health care personnel that they had seen one year prior to and during the pregnancy and birth of the index child. Signed medical record release forms were obtained and complete copies of the medical records were requested. Data were abstracted from the medical records by two registered nurses using a structured protocol.
Each pregnancy complication variable was abstracted from the medical chart using two definitions: 1) the complication met a strict set of diagnosis criteria (details given in table 5, which describes pregnancy complications), and 2) the complication was mentioned in the medical record ("mentioned" in the record refers to a documentation of those conditions which did not meet diagnostic criteria but were significant enough to be documented in the medical record). For the purposes of these comparisons, if a condition was not mentioned in the medical chart, it was assigned a "no" value.
To ascertain agreement between the questionnaire and medical record, several procedures were followed. Determination of both validity and reliability was possible only for those factors for which the medical record could serve as the "gold standard" (specifically, if an event occurred during the hospital delivery or if a given characteristic should have been routinely recorded in the medical charts). Variables that could be tested for both validity and reliability included birth weight, gestational age (defined as estimated by ultrasound or last known menstrual period), delivery variables (such as use of forceps), certain pregnancy complications, and medical care variables (such as use of phototherapy, oxygen, and receipt of blood products). For these variables, the validity measures of sensitivity and specificity of the questionnaire were calculated for binomial categorical variables. For the continuous variables, i.e., birth weight and gestational age, we examined reliability and validity in two ways. We computed both correlations as well as the mean difference and 95 percent confidence interval of the mean difference for the questionnaire and medical record data and examined them across levels of the average of the two measurements, as suggested by Bland and Airman (8) . The term "sensitivity" is defined as the proportion of those with the condition (as defined by the medical record) who are correctly classified by the questionnaire. "Specificity" is the proportion who truly do not have the condition that is correctly classified by the questionnaire (9) . Reliability measures of kappa and percent agreement were also calculated for these variables. The kappa statistic measures extent of exact agreement, adjusting for chance agreement (10) . Values greater than 0.75 represent excellent agreement; values of 0.40 to 0.75 represent moderate agreement; and a value less than 0.40 is poor agreement (10) .
For some variables, such as reproductive history, the medical record is only another source of information and could not serve as the gold standard. Moreover, in other situations, maternal report may be more accurate (such as presence of morning sickness). Because this assumption is difficult to support, only reliability, not validity, of these variables was evaluated. Thus, only kappa statistics and percent agreement were calculated.
RESULTS

Participation demographics
Photocopies of medical records were requested from over 780 hospitals and 2,135 physicians; records were successfully obtained for 88 percent of study participants. Of the 302 case participants in the study, records were obtained for 287 (95 percent). Medical records for the prenatal period, labor, and delivery were obtained for 467 (84 percent) of the controls interviewed. The prenatal records obtained indicated that the median week of the first prenatal visit was week 9 of the index pregnancy. Ninety percent of participating mothers had received at least one prenatal visit by the 16th week. Table 1 presents differences of selected demographic characteristics between the participants and nonparticipants of the validation study. Cases were more likely to participate than controls. In addition, participants were older and reported a higher household income than nonparticipants; they were also less likely to be part of a minority group. Participation was not affected by time from birth to interview, by smoking status during pregnancy, nor by a birth order of greater than two) (data not shown). Twenty-one percent of cases and 34 percent of controls were interviewed more than 4 years after delivery of the index child.
Validity and reliability
Birth weight. Excellent correlation was found between maternally reported birth weight and the birth weight as recorded in the medical chart (r = 0.98, table 2). When birth weight was stratified into two categories (<4,000 vs. 2:4,000 g), sensitivity was 97 percent, specificity was 99 percent, and kappa was 1.0. The four-category birth weight variable (<3,000, 3,000-3,499, 3,500-3,999, >4,000 g) had a kappa of 0.9. Differences between the two sources were examined across the average of the two birth weight measurements. The mean difference and the corresponding 95 percent confidence intervals for birth weight were calculated to measure the agreement between the two sources of information. The mean difference across all birth weights was -10.6 g (95 percent confidence * Cl, confidence Interval. t Four categories, <3,000, 3,000-3,499, 3,500-3,999, £4,000 g. interval (Cl) -10.29 to -0.83). When birth weight was categorized into the same four weight categories given above, mean differences ranged from -1.0 to -34.7 g, which suggests that agreement varied very little with average birth weight category. In an effort to evaluate whether agreement was affected by other factors, birth weight was stratified by case/control status and demographic factors. No meaningful differences were found in the kappa statistics or in the correlations within each level.
Gestational age. A high correlation was found between maternally reported gestational age and the gestational age as recorded in the medical chart (r = 0.84, table 3). The mean difference between the two sources was less than one week (-0.35 week, 95 percent Cl -0.44 to -0.28). When categorized as <38 weeks, 38-41 weeks, and ^42 weeks, the reliability was moderately good (kappa = 0.6). The mean difference across these categories ranged from -0.04 to -0.40, indicating little change in agreement rate across age categories. Gestational age was also stratified by case/ control status, demographic factors, and recall period; minimal differences were found in the kappa statistic or correlations within each level. The largest betweencategory difference in correlation was found when the birth order of the index child was greater than two (r = 0.63, 98 percent CI 0.42-0.78) compared with when the index child was the first born (r = 0.88, 98 percent CI 0.85-0.90). Equally large betweencategory differences in kappa values were observed between the lowest and highest levels of recall time (kappa = 0.64 for <2 years vs. 0.42 for 6-8 years, p < 0.05) and between the two categories of maternal race (kappa = 0.64 for white vs. 0.42 for other). However, only the difference between the two categories of maternal race reached statistical significance.
Reproductive history. For reproductive history, the medical chart can serve only as another, non-perfect source of information. Therefore, validity measures cannot be justified and only reliability measures (kappa statistics and percent agreement) were computed (table 4) . Report of number of live births and previous pregnancies was very consistent (kappa =1.0 and 0.9, respectively). Number of previous miscarriages showed moderate reliability (kappa = 0.7).
Medical procedures. Specific medical procedures (table 4) showed a generally high validity, especially for those administered almost exclusively during pregnancy (sensitivity, 98 percent for sonograms and 100 percent for amniocentesis). X-rays, which were not pregnancy-related procedures, had a much lower sensitivity (60 percent) and kappa (0.6), placing in the moderate range of reliability. Discordant information (i.e., negative medical record but a positive maternal report, or positive medical record but a negative maternal report) was minimal, and, where present, was generally distributed equally within both columns.
Post-delivery complications/problems. A total of 122 mothers mentioned jaundice. In the medical charts of 337 women, jaundice was mentioned and 80 charts clearly indicated that phototherapy was administered to the child. As shown in table 4, sensitivity for jaundice mentioned in the medical record and phototherapy mentioned in the record was low, 29 percent and 51 percent, respectively. In examining the discordant columns, there was substantial skewing for some of the post-delivery complications. For example, for jaundice versus jaundice mentioned in the medical record, the medical chart mentioned the condition 239 times where the mother did not, whereas the mother mentioned the condition 24 times and the medical chart did not.
Pregnancy complications. Tables 5 and 6 describe the complications experienced by mothers during their pregnancies. Sensitivity of variables that met the diagnostic criteria ranged from 33 percent for anemia to 100 percent for gestational diabetes and toxemia. Specificity for these variables was good-89 percent for anemia, 98 percent for gestational diabetes, and 96 percent for toxemia. Although sensitivity was high for gestational diabetes and toxemia, the low prevalence of the conditions makes any estimations quite unstable. Table 6 shows the same pregnancy complications, but these variables were abstracted from the medical records, allowing more relaxed criteria (including just the mention of the condition) to be sufficient evidence for a positive report. The sensitivity decreased for most conditions, while specificity changed only slightly. For example, gestational diabetes sensitivity decreased from 100 percent to 64 percent and speci- ficity changed from 98 percent to 99 percent; toxemia sensitivity changed from 100 percent to 65 percent and specificity changed from 96 percent to 98 percent. In the maternal questionnaire, morning sickness information was gathered from three questions: "Did you have morning sickness (nausea or vomiting)?", "Did you take any medication or receive any treatment?", and "Was it a prescription written by your doctor only available from a pharmacy?" The responses to these three questions were compared with whether morning sickness was mentioned in the medical records and whether it met diagnostic criteria. The records of 44 women met the diagnostic criteria of sufficient emesis to prescribe antiemetics; of these women, 20 reported receiving a prescription for morning sickness. Validity of these variables was poor, even for the two comparisons of whether prescription antiemetics were taken (45 percent sensitivity using the diagnostic criteria, 14 percent for the mention of the condition in the record). However, it is quite likely that for this particular question, the mother's report may be more accurate, thus the medical record cannot serve as the gold standard for this type of question. Reliability of both sets of pregnancy complications was measured by percent agreement and kappa statistics. Kappas for the complications that met the diagnostic criteria all were at or below 0.4, placing them in the "poor" range of reliability. Kappas increased somewhat when the medical chart mentioned-only variables were used. Examples of changes in kappa statistics for the diagnostic criteria and mentioned variables, respectively, were: gestational diabetes, 0.4 and 0.7; high blood pressure, 0.4 and 0.6; and peripheral edema, 0.05 and 0.2.
Influence of recall periods on validity and/or reliability
Birth weight, gestational age, reproductive history, medical procedures, and post-delivery complications showed only slightly lower reliability after a recall period of ^4 years compared with <2 or 2-3 years (table 7) . However, pregnancy complications, such as anemia, showed significant differences in kappa values after a time lapse of 4 years or more (0.39, 0.23, and 0.06, respectively). Kappa values for toxemia were 0.88, 0.65, and 0.47 for the same periods. Kappa statistics of various factors were also stratified by birth order of the index child; however, no substantial differences in reliability were found between first born and non-first born children (data not shown). Table 8 addresses our question about whether validity and reliability of exposure measurements were affected by case/control status. Most exposures examined showed little case/control differences. Toxemia, with a sensitivity of 75 percent in cases and 57 percent in controls, and mention of high blood pressure, with a sensitivity of 75 percent in cases and 59 percent in controls, had the largest differences. Phototherapy/ jaundice problems also showed greater validity in cases (58 percent sensitivity) than controls (47 percent sensitivity).
Assessment of differential misclassifi cation
DISCUSSION
Personal interviews and self-administered questionnaires are commonly used in epidemiologic studies as the sole source of exposure information (4) . Through their use, researchers can gather information that may not be available from other sources or may be available only by gathering data from multiple sources. Although many published studies use questionnaire data, few address the validity of those data, despite the constant danger of bias.
Factors that influence accuracy of report include: 1) the importance of the event to the individual, 2) the way the trait of interest is defined, 3) the time frame in which the event occurs, 4) the way a question is asked (i.e., a list, open-ended, or a closed question), and 5) the individual's knowledge about the exposure (11, 12) . Validity and reliability of maternal report may vary with any one of these factors. Birth weight, a frequent question to mothers after delivery, showed the highest level of agreement in our study. Other studies have also shown high validity and reliability of birth weight (13, 14) , even when delivery occurred as long ago as an average of 18 years before interview (15) . The mean differences between medical record and maternal interview were found to be small and of little clinical importance.
Amniocentesis, ultrasound, and cesarean section showed the next highest level of agreement. These items are easy to define, were direct questions, and represented an actual event at one or more points in time; therefore, they were quite accurately recalled. Validity and reliability of maternal report of x-rays during pregnancy were poor to moderate. Unlike amniocentesis and sonograms, which are pregnancyspecific procedures, recall of exact timing of x-rays is subject to memory errors. However, the kappa statistic found in our study (0.6) was substantially higher than the 0.3 reported by Tilley et al. (16) in their report on pregnancy experiences among mothers who had taken diethylstilbestrol.
The low concordance found in maternal report of some pregnancy complications might be due to a lack of communication between medical professionals and the mother. Pregnancy complications were direct questions, but were more a condition than an event. These results could reflect poor recall or a lack of physician-patient communication. The low sensitivity found for proteinuria could suggest that either physicians did not usually communicate this condition to their patients, or that the women failed to remember and/or comprehend it. Validation of morning sickness was not successful with our methods; however, it is quite likely that matemai report of this condition is more complete and therefore should serve as the gold standard.
The varying time between delivery and interview did not influence validity and reliability of variables such as birth weight, gestational age, reproductive history, or medical procedures specific to pregnancy. However, time did affect recall of some pregnancyrelated conditions such as anemia, high blood pressure, and toxemia. Differences in birth order also did not affect reliability; however, our ability to detect any differences is limited by the low frequency of high birth order children.
Maternal recall about the seriously ill child may be very different from that about healthy children if case mothers review their pregnancy and delivery experiences more thoroughly, particularly when searching for possible explanations for their child's illness. However, little evidence of differential recall was found in this study, except for toxemia and high blood pressure (part of the diagnostic criteria for toxemia). These results suggest that previously reported associations of birth characteristics, maternal reproductive history, and childhood leukemia, if not accurately assessed, are most likely to be influenced only by nondifferential error.
This study has a number of strengths. First, the participation rate in the validation study was high (95 percent and 84 percent for cases and controls, respectively). Second, previous validation studies have rarely included a sample that covered such a wide geographic area from which medical records were obtained. The sampling frame for this study included the entire continental United States and Canada. Third, rather than depending on clinic or hospital personnel to abstract the data, photocopies of the medical charts were obtained and data were abstracted in a methodologically consistent manner.
However, several limitations to our report need to be discussed. First, the medical record was assumed to be complete and correct. As reported by Hewson and Bennett (11) , recording errors occur and medical criteria differ from hospital to hospital. Their report corroborated the doubt expressed by Feinstein and Horwitz (2) about the basic assumption that medical records are accurate and objective. Incomplete information could account for much of the discrepancy between interview and medical reports, casting unwarranted doubt on maternal recall. Second, "no mention" of a condition in the medical record was defined to be an indication that the condition did not exist. It is possible that the physician did not notice or record the condition, even though it was present. The latter could have substantial influence on the assessment of validity of conditions that need little medical care, such as morning sickness. Third, participation in our validation study differed by certain demographic characteristics: case-control status, family income, and maternal age and race. This could limit the generalizability of our results to the general population.
In conclusion, our study found that validity and reliability of maternally reported pregnancy and delivery information differ with the nature of exposure; furthermore, they are affected little by passing time and differential recall. In matters of importance to mothers, such as birth weight, maternally reported information is very reliable. However, the level of validity and reliability can be poor for some events or characteristics of interest, either due to recall errors or incomplete medical record data.
